Although transport infrastructure is one of the prominent factors that make Spain a major tourist destination, the international literature has revealed that the opening of new High-Speed Rail (HSR) lines is not sufficient by itself in order to increase tourist outputs in the new connected destinations. Nevertheless, the roles played by different characteristics of both travelers and destinations are of interest but they still remain not sufficiently explored. This paper focuses on the role played by HSR in fostering cultural tourism by applying a fixed-effect econometric model to a panel database . The database includes the number of tourists to some of the major Spanish cultural centers. The results show different impacts based on the regions, the characteristics of the museums, and the expected tourists. For destinations with previous cultural attraction, a positive effect is more evident. Moreover, the centrality of the HSR station as an enabling factor as well as the growth of the tourist market to the surrounding municipalities has been detected. Another interesting result is related to the cooperation effect between HSR and air transport, which encourages the arrivals of foreign tourists. These findings should help planners to develop policies that optimize tourist revenues by exploiting the potential of HSR development in the future.
Introduction
In the past few decades, Spain has massively invested in the expansion of the High-Speed Rail network despite the recent economic crisis and criticism for its low or even negative profitability [1, 2] . This was primarily due to its high construction and operating costs and also due to the low number of travelers, which turned out to be lower than predicted in previous studies [3] . As a result, Spain has a High-Speed Rail (HSR) network of more than 2800 km in operation (see www.uic.org) and thus becomes the first country in Europe and the third worldwide with a HSR network this long, only behind Japan with 3041 km and far behind China with more than 31,000 km. The Spanish HSR network has a radial structure and connects Madrid, which is in the center of the country, with the peripheral regions of the east and the south, whereas new sections to Portugal and to the northern coast are still being planned or constructed. The construction order of the Spanish lines, has often been criticized for being the product of political decisions by the different governments of the country rather than issues of economic profitability or integration of the connected regions [4] . Although the availability of an efficient transport plays an essential role in the destination development as well as in tourism choices [15] [16] [17] , in the growth of cultural tourism, the specific role that HSR can play has been underestimated in the current literature. Nevertheless, since most of the museums are located, equally close to HSR stations and to the city centers, HSR fulfils the desirable a priori conditions that can foster an increase in the number of tourists. This paper is organized as follows. The literature on cultural tourism and HSR is reviewed in Section 2. Section 3 presents the data, main characteristics, and model equations. The results and findings are presented in Section 4. Finally, the conclusions are summarized in Section 5.
By analyzing the growth of the number of tourists to museums and cultural monuments in several Spanish regions, this is the first study that tries to shed some light on whether HSR has an impact on cultural tourism. Three econometric models have been formulated wherein the existence of an HSR station, its different location, and the distance to the museums and the possible interaction with air transportation are considered as important factors.
Literature Review
The literature shows that rail infrastructure is a prominent factor in tourism competitiveness [18] . HSR is considered to be not only a comfortable, safe, flexible, and environmentally sustainable [19] mode of transport, but also a fast one. Given that tourists have time constraints that they intend to optimize [20] , the advantage of HSR includes providing more time at a destination (though sometimes at the expenses of the trip cost) [21] . In this context, there is a consensus among researchers that the introduction of HSR increases accessibility to destinations and increments previous attractions, maximizes pre-existing infrastructure, or even serves as a change agent for the implementation of new other policies. In the Spanish case, the distance between most Spanish cities is in the range in which HSR competes with advantage against the alternative modes (car and air). As a consequence, in order to boost new opportunities for tourism in the connected destinations, HSR seems most promising.
The impacts of HSR on tourism have been reported in previous studies [22, 23] and are as follows: Opening of new tourist markets, increase in the number of tourists, increase in occupancy rates, decrease in the overstays in long terms although there is an increase in short terms, and, finally, development of urban tourism. As a result, a general positive effect is generally observed [24] although detailed studies report important differences in the behavior of tourists and different impacts on the destinations that are being studied.
The existing literature is summarized in Table 3 , wherein the cited studies have been ordered by year of publication. Moreover, the countries and, when applicable, the region studied, selected type of approach, specification of the variable under study, and main findings are also included. The small and end-line cities connected to core cities are the most benefited while the effect is limited for larger cities.
The literature shows that although the increase of attraction ranges provided for touristic nodes are generally detected, benefits and their persistence are very dependent on the previous features of these touristic nodes. For some of them, negative factors such as distance or prices are determined to be moderated by other motivations such as broadening cultural knowledge or discovering new places [55] . In the Spanish case, the existence of different tourist targets in the connected cities, such as urban business tourism (Barcelona, Madrid, Sevilla, and Zaragoza), cultural tourism (Cordoba and Segovia), or sun and beach destinations (Alicante, Tarragona, and Málaga), make HSR the most convenient mode of transportation, especially when it can advantageously compete with the private car. This fact is more evident in intermediate cities along the HSR corridors, that often benefit from a large number of services ending not just in these intermediate cities, but also in cities further away in the same line.
The location of HSR stations with reference to the cities centers also provides a higher or lesser access to the general HSR network. Effective time reductions become more apparent when stations are placed downtown, where access to efficient municipal public transportation and the proximity to the final destination maximize utility for users. In this context, these are the most accepted outcomes, which usually depend on the size of the city. Major urban areas tend to reinforce a central location. In such cases, the station is often linked with larger scale strategies, such as the reinforcement of the image of the city. For example, in Zaragoza, the "Delicias" station was the part of a wider plan in order to modernize the city for organizing the 2008 World Exhibition. In small or medium sized cities, the planning of stations significantly depends on the budget criteria of the infrastructure builder, and city edge and peripheral stations are the most common [56] , although, their utility for tourists is drastically reduced. The Spanish HSR network and the relative positions of the Spanish stations with respect to the cities they are located in are shown in Figure 1 . According to the literature, with regard to the competition between HSR and alternative modes of transport, a primary substitution effect and a later positive impact is expected for national tourists who use mainly private cars as a transportation mode. In the case of foreign tourists, for which airplane is preferred, the substitution effect is more difficult to define. Nevertheless, the possibility of secondary internal trips by these travelers, which could not have been possible otherwise, has been detected in the previous study [51] and may generate positive impacts on the revenues and employment in these secondary connected cities. Considering these factors, HSR acts as a feeder to hub airports [57] and its increased demand compensates the possible decrease in the number of passengers that air services may suffer.
The Methodology
Considering that museums and cultural resources are one of the pillars on which cultural tourism is based, the number of tourists who visit these museums and cultural resources is considered as a proxy for evaluating the growth of cultural tourism markets in HSR-connected destinations. Therefore, a search in the main databases at the national or the regional level was conducted and the data on the visitors to 64 cultural landmarks in 11 Spanish provinces were collected. The resulting data base included the most visited museums, such as "Museo Reina Sofía" and "Museo del Prado".
The advantage of the resulting database is that it is not aggregated by provinces or regions of destination and in consequence will provide more detailed information.
The econometric model was designed following on Lim's classical demand model [58] , which has been widely applied in the previous studies concerning the relationship between HSR and tourism [38, 44, 48, 52, 53] . The advantage of this econometric approach lies in its ability to analyze caudal effects [59] , in line with the intended purpose presented in this paper.
It follows
where • DTij represents the tourist demand between "i" and "j" where "i" is destination and "j" is the origin. In this study, the yearly number of tourists who visit museums and monuments ("Visit it " variable) is considered as the indicator of its demand. Data was obtained from the following agencies: State museums and monuments: www.patrimonionacional.es and www.mcu.es; regional and municipal ownership museums and monuments: www.gencat.cat for museums in Cataluña and www.juntadeandalucia.es for museums in Andalucía; municipal ownership museums and monuments: www.madrid.org for museums in Madrid, www.barcelona.cat for museums in Barcelona, and www.jcyl.es for museums in Castilla and Leon; and private ownership museums: www.cabildocatedraldecordoba.es and www.valencia.es. • Y j represents the incomes in the origin "j". The average Spanish GDP per capita deduced from the Spanish National Statistics Institute (INE) is used to measure it, and is available at www.ine.es. The GDP of the rest of the main countries of origin, primarily European, has not been included in the model because a serial correlation was found between them. • TC ij is the travel cost from origin "j" to destination "i". Its effect could not be measured as the database does not provide the country or the region of origin of tourists. • RP ij is the relative cost, that measures the likely cost of goods to tourists at the destination (such as accommodation, local transportation, food, and entertainment). The difference in the DGP per capita between the European Union (source of most of the travelers) and Spain is represented by the variable "Dif Gdp", which provides a proxy to the perceived difference of level of prices between these originating countries and the destination.
•
The currency exchange rate is represented by ERij. As Euro is the legal currency in both the destination and the majority of the origin countries, this variable was not included. • QF i stands for the quality factors in destination "i". The size of the population at the province of destination "POP" and the lagged variable "Visit t-1 " have been considered.
The policy variables that have been separately considered are as follows: "Hsr t " is a dummy variable that takes a value of 1 if a High-Speed Rail is available at the province of destination, otherwise it takes a value of 0; "Centr t ", "Cedge t ", and "Periph t " are dummy variables that take a value of 1 if HSR is available at the province of destination and the station location in the city is central, city edged, or peripheral, respectively; "ST Dist" are dummy variables that take a value of 0 if HSR is not available at the province of destination, otherwise it takes the value of the distance in kilometers "as the crow flies" from the HSR station to the museum considered.
Three different models with the following specifications have been developed: Model 1:
Model 2:
Model 3:
where a i represents the error term, that includes the time-invariant province-specific effect and the individual mean-zero random error, respectively. Moreover, a preliminary collinearity analysis was carried out resulting in no undesired correlation between the variables in any of the models. It could be argued that an endogenous biasing of the results could emerge as a consequence of the construction order of the different lines. Nevertheless, the fact that tourist activity has not been one of the main drivers of HSR investment decisions, makes Spain a good case study due to the "absence of this kind of endogeneity" [48] .
In order to provide as much diverse and detailed information as possible, a disaggregate level of demand analysis is carried out. Thus, at a regional scale, models are separately and successively applied to the complete database. As a result, the regions of Madrid, Cataluña, Andalucía, and Castilla (gathering Castilla and Leon and Castilla-La Mancha) have been considered. Hence, all three models are also applied to cities that benefit from a HUB airport. Finally, the analysis has been separately performed for museums located in the same and different municipalities than the HSR station.
The museums and monuments considered in the database, including the region and province they are located, are presented in Table 4 . As the Madrid HSR station has been considered the most suitable HSR gateway, the museums in Badajoz, Burgos, Cáceres, and Cantabria have been assigned to the Region of Madrid. In order to determine the most suitable econometric technique (generalized least squares (GLS), GLS with fixed effects, or GLS with random effects), a preliminary analysis was carried out. The Breusche-Pagan Lagrange multiplier test combined with the Hausman test confirms that the fixed-effect model is the most suitable technique and provides a robust estimation.
Stata/SE 12.0 is used to execute the models and the results are shown in Tables 5-7 . Table 5 . Results for fixed effect panel regression. Models 1. (****), (***), (**), and (*) denote significant levels at 1%, 5%, 10%, and 20%, respectively. Numbers in parentheses indicate p-value. Table 6 . Results for fixed effect panel regression. Models 2. (****), (***), (**), and (*) denote significant levels at 1%, 5%, 10%, and 20%, respectively. Numbers in parentheses indicate p-value. Table 7 . Results for fixed effect panel regression. Models 3. (****), (***), (**), and (*) denote significant levels at 1%, 5%, 10%, and 20%, respectively. Numbers in parentheses indicate p-value.
Model 1 Complete Database

Museums in Madrid
Museums in Cataluña
Museums in Andalucia
Museums in Castilla
Ln visit t Coef. p > t Coef. p > t Coef. p > t Coef. p > t Coef. p > t
Model 2 Complete Database Museums in Madrid
Museums in Cataluña
Museums in Andalucia
Museums in Castilla
Ln Visit t Coef. p > t Coef. p > t Coef. p > t Coef. p > t Coef. p >
Model 3 Complete Database Museums in Madrid Museums in Cataluña
Museums in Andalucia
Museums in Castilla
Ln Visit t Coef. 
Results
In almost all models, a strong significance of the lagged variable "Visit t-1 " is observed, which confirms the previous studies [38, 52] . Thus, on average, 77% of the visits can be explained by previous experiences, in line with the repetition rate of tourists of 80.2% found for the Spanish sector [10] . The population at the province level does not show a clear effect when the whole database is considered. When the regional scale is adopted, it is only in Andalucía region where a significant positive coefficient of 1.85 is observed. An expected different impact is observed in the provinces with and without hub airports. The accessibility in destination drastically increases and the relative importance of domestic tourists (and especially the inhabitants of the same province) reduces where a hub airport is available. Consequently, it is only in "no hub" airport provinces models where a positive effect of the province population is observed.
In terms of the economic variables, the GDP per capita of the Spanish population is relevant for the complete database. This is an expected result confirming that it is people with higher incomes, who benefit from a greater amount of leisure time and, normally, have greater cultural concerns [60, 61] . But simultaneously, regional differences have also been observed. When only the museums in Cataluña or Castilla La Mancha and Castilla y Leon are considered, no clear influence is shown; however, when only Madrid's or even Andalucía's database are considered, a clear positive influence appears. No influence of the "Dif Gdp" variable is observed in any of the models except in those that consider museums only in Andalucía. The negative sign of the coefficient indicates that when the relative purchasing power of tourists increases, they tend to visit alternative destinations. This result was already verified in other Spanish "sun and beach" destinations studies [62] that claim that "the higher the number of beds in medium and high-quality accommodation establishments, the lower the number of beach trips generated by a location".
Concerning the policy variables, the primary objective of this study, and when the whole database is considered, the presence of a high speed rail connection, represented by the variable "HSR" seems to be relevant in Model 1 with a low significance level of 13.6%, with the expected positive sign and with an elasticity of 0.041. Hence, the commissioning of a new HSR connection shows signs of increasing the number of tourists to museums with a modest rate of 0.04% in that province. Moreover, significant differences are observed when the analysis is made regionally. Though the HSR does not induce an impact in Cataluña or Castilla, the variable is considered to be strongly significant for the case of Madrid and Andalucía with elasticities around 0.2% and 2%, respectively. However, differences are also observed when databases with provinces including hub airports are considered. The existence of HSR shows only signs of significance, (although with a low significance rate of 15.8%) in provinces including hub airports with an elasticity of 0.05%. On the contrary, no influence is observed in provinces without these hub airports. This suggests that the attraction of the city and the impact of HSR may increase by the presence of this alternative mode of transportation and that a mutual feedback is developed when a cooperation is established with airline passengers that can use the HSR for secondary trips and thus may increase the access range to other Spanish regions.
In the analysis of Model 2, which evaluates the location of the stations, evidence of the influence of HSR is observed, but only in the provinces with a central station with an average impact of 0.053%, which is similar to the value obtained in Model 1. This result conforms to the previous finding that "central locations generally benefit from better efficiency for tourism trips" [53] . Moreover, no effect is observed when the HSR station is in either the city edge or in a peripheral situation. Surprisingly, the effect of HSR in Barcelona, the main HSR station in Cataluña, is not found to be significant even though its central position makes it an a priori excellent push factor for the increase in the number of tourists. Only when the central location of the station is considered, the presence of a hub airport seems to induce a relevant impact, although the low significance value of 15.8% must be noticed.
Model 3, which evaluates the influence of the distance to HSR, the policy variable, "ST Dist", shows that there is a low-value overall inverse relation between the distance from the HSR stations to the museums and the number of the tourists. This effect is observed when the museums are considered only in the Madrid, Andalucía, and Castilla regions. Similar to Model 2, no effect is observed for museums in the Cataluña region. Moreover, the impacts are found to be significant in the three models only for the museums located in a different municipality (but in the same province) than the HSR station when databases that include museums in the same or different municipalities are considered separately. This result completes the outcomes of Model 3 and indicates that the existence of an HSR link can also increase the potential of Spanish museums located farther from the station that especially benefits the widening of tourist markets and the increase in the amount of time off available at destinations. When the existence of a hub airport is examined, the negative impact of distance from the HSR station is shown, although it is especially significant when the hub airport is not available. Consequently, it can be concluded that the development of integrated transportation plans in the cities where intermodal links are required, can result in an effective increase in the cultural tourism market in connected destinations.
In addition, the nationality of tourists visiting museums and cultural resources seems to be an important variable which would require further investigation. The analysis of outcomes of databases with and without hub airports at destinations (and considering that the existence of these hub airports is a well-studied relevant factor in promoting foreign tourists [57] ) provide primary indications that the increase in accessibility provided by the joint effects of these two modes of transportation results in a higher number of foreign tourists.
With regard to national tourists and considering that database do not show the nationality of visitors, the models do not provide sufficient information. A first approach to this question can lie in analyzing the comparative evolution in the number of tourists to museums and the national population connected by HSR in every HSR node with cultural attractiveness. Figures 2-4 graphically show the evolution of the number of tourists to some museums and monuments in the main cities of the regions of Madrid, Cataluña, and Andalucía, and for the same time periods, the number of served population. In order to exclude tourists inhabiting in the same city as the cultural resource, which is already represented by the "Pop" variable in the previous models, residents in the cities where the museums are located have not been considered as "served." In order to coincide with the extreme values in the database, the scale has been adjusted in the two "y"-axes to the ranges of both series. The lineal tendency lines are shown and provide an indication about the time effect on both series. A linear model including the number of tourists as a dependent variable has also been designed for these main museums in order to complement previous results. The time trend has been included as independent variables. In order to make it independent from the possible influence of the served population, as shown in the figures, the population of the cities where the museums are located is not required to be included. Tables 8-10 present the results. Table 8 . Visitors to main museums in Madrid. (****), (***), (**), and (*) denote the significance levels at 1%, 5%, 10%, and 20%, respectively. The numbers in parentheses indicate p-value.
Reina Sofia Museum
Del Prado Museum Thyssen-Bornemisza Mus. Moreover, the results also suggest different influences depending on the considered destination. The connected population seems to be an influencing factor only in some museums in Andalucía, whereas in other museums the impact is not found to be significant. Furthermore, none of the analyzed museums in Barcelona seem to reflect any influence of potential domestic travelers by HSR. However, a weak influence seems to appear with regard to the museums in Andalucía although not always with the expected sign. Finally, it is concluded that an increase in the HSR network does not seem to result in a general growth in the affluence of domestic tourists, hence further research is required in this regard.
Conclusions
The effects of HSR on cultural tourism are a subject of interest though the scarcity of bibliography shows that sufficient attention has not been paid in this regard up to now. Although some analytic studies using the econometric models have already emerged dealing with the influence of HSR on tourism, some of them even with a meritorious high level of disaggregation, the specific impact on the cultural tourism, and, more specifically, on museums and monuments, remain unexplored up to now. Hence, the higher returns and greater positive effects on society by the tourist industry, and in an outstanding way by cultural tourism, make it an appropriate field of research that should receive special attention.
This paper provides a deeper insight into this interesting subject for the first time by implementing an econometric model and taking into consideration the number of tourists of 64 museums and monuments in 25 Spanish municipalities, using a validated methodology which could be suitable in other countries with a HSR network and cultural attractiveness. Although the previous studies focused on general tourism in Spain, little or no influence of HSR was detected, the results in this paper show signs that this mode of transportation can play a positive role in the reinforcement of cultural tourism. This study also highlights the different roles that HSR has played in the Spanish cultural tourist markets of museums and monuments, with a significant increase in the number of tourists in some regions (Madrid and Andalucía) while these outcomes are not significant in other regions (Cataluña and Castilla). A doubly controversial effect of distance to the HSR stations is also observed. While little or no effect is detected in museums located in the same municipality, museums located in a different municipality receive an appreciable significant increase in the number of tourists. This is interpreted as an indication that HSR increases the action radius of tourists surely due to the gain in available time at a destination and reinforces hidden potentialities of further museums. Moreover, the central position of the HSR stations is also detected as a significant beneficial factor and suggests that the location of the HSR with respect to the city is also an important factor in addition to the mere connection to the HSR network. With regard to the nationality of tourists, a need for the integration of HSR and air transportation is perceived in order to favor the affluence of foreign tourists. With regard to domestic tourists, the analysis of the evolution in the number of tourists and the expansion of the network report that HSR may be, in some cases, considered a determinant factor in increasing the tourist demand.
Hence, some considerations about these finding should be addressed despite the above results. First, the limitation of the database should be recognized. Although it has been created with official data from public entities, the presence of unexpected gaps in the series and the small range of time that the HSR has been operating in some destinations limits the number of registers in the database and affects the conditions of the performance of models. On the other hand, the distance from the foreign originating countries to a cultural destination is considered to be beyond the range in which HSR reveals itself as the most competitive mode of transportation. Moreover, the actual limited connection between European and Spanish HSR networks is also considered to be a deterrent against the use of HSR by foreign tourists. Future research should focus on improving the performance of models by using a more complete and detailed database so that further and more accurate information could be concluded.
In conclusion, and although the debate of the impulse given to cultural tourism by HSR remains open, the results reveal that HSR can become a relevant instrument to aid planners and authorities in the promotion of national cultural sites which may yield economic growth returns and improvements in the profitability of HSR investments
